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.2012.06.Abstract The red hairy caterpillar, Amsacta albistriga Walker, is an important pest of groundnut,
castor and cotton in India. We determined the susceptibility of Amsacta albistriga to organophos-
phate and synthetic pyrethroid insecticides under laboratory conditions. Biochemical proﬁle of
esterase, acetylcholinesterase, glutathione S-transferase, and glutathione S-dehydrogenase was
assessed. Synthetic pyrethroid (8.82 ppm) was highly toxic as compared to organophosphate insec-
ticide (11.5 ppm): high esterase and acetylcholinesterase activity was observed in temephos treat-
ment. GST activity was signiﬁcantly higher in k-cyhalothrin treatment. Esterase isozyme
proﬁling using native PAGE shows inhibition of esterase bands in k-cyhalothrin treatment, while
three distinct bands (43, 66 and 70 kDa) were observed in temephos and dichlorvos treatment.
The results of the present study suggest that esterase and AChE are dominant organophosphate
detoxiﬁcation enzymes in Amsacta albistriga.
ª 2012 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Management of insecticide resistance is a big challenge in an
agricultural important pest. Its offers the insects to escape
from its toxicants, however insecticide resistance management
will be possible, if the underlying mechanisms known in a par-
ticular pest. Among lepidopteron insects the red hairy caterpil-
lar Amsacta albistriga (Walker) is a major pest, which causes1 427 2345766.
(M.S. Shivakumar).
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002damage to the economically important crops such as ground-
nut, cotton and castor (Rao et al., 1993). Pyrethroids and
organophosphate insecticides have been increasingly used to
control lepidopteron pest. Due to continuous exposure to
insecticides, several insects have developed resistance to these
chemicals (Armes et al., 1992; Kranthi et al., 2002).
Insecticide resistance mainly attributed due to either or all
of these mechanisms viz. decreased penetration, behavioral,
target site insensitivity and metabolic resistance. Decreased
penetration contributes little for resistance in many cases (Ah-
mad and McCaffery, 1999); similarly target site insensitivity,
but it is more prevalent in dipterans and to some extent in
Helicoverpa armigera (Fournier et al., 1992). Enhanced meta-
bolic detoxiﬁcation system comprises of esterases, glutathione
enzyme complex, and cytochrome P450 monooxygenase
(MFO) (Hemingway et al., 2004); these enzymes are dominantvier B.V. All rights reserved.
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tylcholinesterase (AChE) is a key enzyme in insect nervous sys-
tem, which terminates nerve impulses by catalyzing the
hydrolysis of the neurotransmitter acetylcholine. This is the
target site for organophosphate and carbamate insecticides
and which is associated with resistance by modiﬁcation of
AChE in central nervous system (Fournier and Mutero,
1994). Resistance to organophosphorus insecticides is associ-
ated with the decreased carboxylesterase (CarE) activity in
Musca domestica and Drosophila melanogaster species (Camp-
bell et al., 1997; Tang et al., 1990; Wheelock et al., 2005; Crow
et al., 2007).
Increased expression of glutathione S-transferase (GSTs) is
correlated with insecticide resistance in many insects (Li et al.,
2007). The enhanced oxidative and hydrolytic enzyme activi-
ties of GST expression have been associated with organophos-
phate, and synthetic pyrethroid resistance in H. armigera
(Srinivas et al., 2006; Vontas et al., 2001, 2002), Musca domes-
tica (Clark et al., 1984; Tang et al., 1990); and S. litura (Armes
et al., 1997; Kranthi et al., 2001).
The present study investigates the biochemical proﬁle of
detoxiﬁcation enzymes in response to organophosphate and
synthetic pyrethroid insecticide treatment in ﬁeld population
of Amsacta albistriga. Also esterase isoenzyme proﬁle in re-
sponse to organophosphate and synthetic pyrethroid treat-
ments was analyzed to determine the dominant metabolic
mechanism involved in organophosphate detoxiﬁcation.2. Materials and methods
2.1. Insects
Larvae of A. albistriga collected from castor ﬁeld in India dur-
ing 2009–2010, were reared for 10 generations in the labora-
tory without exposure to any chemical insecticides (control)
and used for all experiments, at the same time ﬁeld population
was collected in groundnut ﬁeld and F1generation was ob-
tained. Both cultures were maintained under controlled condi-
tions of 26 ± 1 C, 55 ± 10% relative humidity and 12 h light
and 12 h dark photoperiod on castor leafs (Poitout and Bues,
1974).
2.2. Insecticides
The insecticides used in this study were of commercial formu-
lations, temephos, 50% EC (Saj Agricare Pvt. Ltd., Gujarat,
India); dichlorvos, 76% EC (Enjay Marketing Services Pvt.
Ltd., Maharashtra, India) and k-cyhalothrin, 5% EC (Atul
Ltd., Atul, Gujarat, India).
2.3. Bioassay
Bioassay was performed on 2 day old third instar A. albistriga
larvae using the standard topical application procedure recom-
mended by Entomological Society of America (ESA) guidelines
followed by the method of Robertson and Preisler (1992). Var-
ious concentrations of insecticide solution were prepared in dis-
tilled water ranging from 5, 10, 25, and 100 ppm. Three
replicates were kept for each concentration and in each repli-
cate 15 larvae were released, larvae which are treated with
distilled water alone served as a control. For topical applicationa droplet of insecticide mixture delivered on the ventral region.
The larvae mortality was checked in 24 h, and corrected mor-
tality was done as per Abbott’s formula (Abbott, 1925). LD50
values of each insecticide were computed (Finney, 1977), using
Statistical Package for Social Sciences (SPSS) software pro-
gramme version 10.0.
2.4. Biochemical assay
Protein estimation was done from the supernatant of whole
body homogenate as per Lowry et al. (1951), method and bo-
vine serum albumin (BSA) was used as the standard protein.
Acetylcholinesterase activity (AChE) was determined
according to the method described by (Ellman et al., 1961)
using acetylthiocholine iodide as substrate. A total of 2 day
old 10 third larvae from each treatment were weighed between
20 and 30 mg and were homogenized in 3-ml 0.1 M phosphate
buffer (pH 7.4). The homogenate was centrifuged at
10,000 rpm for 10 min at 4 C. The supernatant was used as
the enzyme source. A total of 3.6-ml reaction mixture contain
0.1 ml of supernatant, 2.4 ml of 100 mM phosphate buffer [pH
7.4], and 0.1 ml mixture [0.075 M acetylthiocholine-iodide]:
0.01 M 5,50-dithio-bis[2-nitrobenzoicacid] was ﬁrst incubated
for 15 min at 27 C, and then 0.001 M eserine was added to
stop the reaction. Absorbance was recorded at 412 nm with
UV–visible double beam spectrophotometer.
Esterase activity was determined using the method of Kran-
thi (2005). A total of 2 day old 10 third larvae from each treat-
ment were weighed between 20 and 30 mg and were
homogenized in 3 ml 0.1 M phosphate buffer (pH 7.4). The
homogenate was centrifuged at 10,000 rpm (rpm) for 10 min
at 4 C. The supernatant was used as the enzymatic source.
A total of 6-ml reaction mixture (0.2 ml of enzyme source,
and 0.1 ml of 0.3 mM a -napthylacetate) was ﬁrst incubated
for 20 min at 30 C in the dark, then the mixture of 1.0 ml fast
blue BB salt and sodium dodecylsulfate (SDS) solution was
added in the ratio of (2:5). The content was mixed and absor-
bance was recorded at 590 nm using UV–visible double beam
spectrophotometer. The activity of a-napthyl acetate was cal-
culated from a standard curve.
The activity of glutathione S-hydrogenase (GSH) was mea-
sured as per method of Beutler et al. (1963). A total of 2 day
old 10 third larvae from each treatment were weighed between
20 and 30 mg and were homogenized ice-cold in 3 ml 0.1 M
phosphate buffer (pH 7.4). The homogenate was centrifuged
at 10,000 rpm for 10 min at 4 C.A total volume of 3 ml reaction
mixture contains 0.03 ml enzyme source and 1.7 ml of phos-
phate buffer, the mixture was incubated for 3 min at room tem-
perature, after gentle shaking 0.1 ml of 10 mM 5,50-dithio-bis[2-
nitrobenzoicacid], 0.05 ml of reduced glutathione, 0.05 ml of
4.3 mM nicotinamide adenine diphosphate (NADPH) were
added.Mixturewas incubated for 2–3 min at 20 C.Absorbance
was recorded at 412 nm for every 30s up to 5 min by employing
time scan menu of the spectrophotometer.
The method developed by Habig et al. (1974) was adapted
for measuring GST activity in this study. A total of 2 day old
10 third larvae collected from each treatment were weighed be-
tween 20 and 30 mg and were homogenized ice-cold in 3-ml
0.1 M phosphate buffer (pH 7.4). The homogenate was centri-
fuged at 10,000 rpm for 10 min at 4 C. The supernatant was
used diluted as the enzymatic source. A 3-ml reaction mixture
(0.05 ml of 50 mM CDNB [1-chloro-2, 4-dinitrobenzene],
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Figure 1 Total protein in Amsacta albistriga larvae of control, k-
cyhalothrin, dichlorvos and temephos treatments. Enzyme activ-
ities are shown as mean (±SD) values and analyzed by One Way
ANOVA (Bonferronii post hoc test). Asterisk (*) indicates
signiﬁcant difference among treatments with respect to control
(P< 0.05).
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Figure 2 Detoxiﬁcation enzyme proﬁle of AChE on third instar
Amsacta albistriga larvae of control, k-cyhalothrin, dichlorvos and
temephos treatments. Enzyme activities are shown as mean (±SD)
values and analyzed by One Way ANOVA (Bonferronii post hoc
test). Asterisk (*) indicates signiﬁcant difference among treatments
with respect to control (P< 0.05).
Biochemical mechanisms of organophosphate and pyrethroid resistance in red hairy caterpillar Amsacta 490.15 ml of reduced glutathione (GSH) were added to 2.79 ml of
40 mM phosphate buffer saline (pH 6.8) and 0.01 ml enzyme
source) was added. The mixture was incubated for 2–3 min
at 20 C. The increase in absorbance value was recorded at
intervals of 10s for 5 min in 27 C using UV–visible double
beam spectrophotometer.
2.5. Data analysis
A. albistriga larval percentage mortality was corrected using
abbots formula (Abbott, 1925), and the data were used to
compute LD50 values (Finney, 1977). The activities of AChE,
CarE, GST and GSH among the treatment were analyzed
using analysis of variance (ANOVA).
2.6. Native PAGE
Native poly acrylamide gel electrophoresis (nPAGE) was per-
formed to separate the isoform of esterase enzymes. The proce-
dure used in this study was similar to that of Davis (1964). The
running and stacking gels were 4% and 10% polyacrylamide
prepared in 1.5 M Tris–HCl buffer pH 8.8 and 0.5 M Tris–
HCl buffer pH 6.8, respectively. The electrophoresis tank buffer
was Tris–glycine.
Ten larvae each of the control (water treatment) and pesti-
cide treatment ﬁeld population of the red hairy caterpillar were
homogenized in micro centrifuge tube containing sucrose
(10%), and buffer saline pH 7.2. Aliquots of (10 ll) each sample
were loaded in the wells of the gel and protein was separated at
100 V at 4 C for 2 h. The gel was stained with a solution con-
taining 0.02%w/v a-napthyl acetate in an acetone and 0.1% fast
blue BB salt in a double distilled water for 15 min at 37 C in a
dark condition. After staining the gel was immediately photo-
graphed in a gel documentation unit (Alpha Innotech).
3. Results
3.1. Bioassay
High mortality is observed in k-cyhalothrin treatment (LD50:
6.198 ppm, LD90: 38.6 ppm), followed by dichlorvos treatment
(LD50: 1.167 ppm, LD90: 14.512 ppm) as compared to teme-
phos treatment (LD50: 24.72 ppm, LD90:7958.6) (Table 1).
3.2. Biochemical assay
Protein concentration increased 1.5 times in k-cyhalothrin treat-
ment as compared to control (Fig. 1). AChE activity in k-cyhal-
othrin treatments was 0.5-fold signiﬁcantly higher thanTable 1 LD50 and LD90 value of third instar Amsacta albistriga
insecticide after 24 h observation.
Insecticide Total No. of larva
used/replicate
LD50 value
(in ppm)
LD90 valu
(in ppm)
Dichlorvos 15 1.1679975 14.51271
Temephos 15 24.72001 7958.863
k-Cyhalothrin 15 6.198332 38.69743
LD50 and LD90: Lethal dose for 50%, 90% of larva; v
2: chi2; df: degreeorganophosphate treatment, however at high concentrations
AChE activity increased in both organophosphate andlarvae exposed to organophosphate and synthetic pyrethroid
e 95% ﬁducial limits Slope v2 df
Upper limit Lower limit
4.2097662 5.15894 1.171 2.144 3
90.201056 6.774635 0.314 0.929 3
10.43253 1.9172104 0.431 5.258 3
of freedom; ppm: parts per million.
100
200
300
λ cyhalothrin
dichlorvos
temephos
control
/m
in
/m
g 
of
 p
ro
te
in
50 R. Muthusamy et al.pyrethroid treatment, this indicate the inhibition of choline
esterase enzyme by organophosphates at high concentrations
(Fig. 2). Esterase activity was higher in temephos treatment
(4 ± 1 lMmgprotein1min1) as compared to other treatment
(Fig. 3). The highest GSH activity was observed at 0.1 lMmg
protein1 min1 in the dichlorvos treatment, which signiﬁcantly
differs from other treatment (Fig. 4). The activity of GST was
signiﬁcantly different at P< 0.05 in k-cyhalothrin treatment
as compared to other treatments (Fig. 5).25 50 100
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Figure 3 Detoxiﬁcation enzyme proﬁle of esterase on third
instar Amsacta albistriga larvae of control, k-cyhalothrin, dichlor-
vos and temephos treatments. Enzyme activities are shown as
mean (±SD) values and analyzed by One Way ANOVA (Bon-
ferronii post hoc test). Asterisk (*) indicates signiﬁcant difference
among treatments with respect to control (P< 0.05).
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Figure 4 Detoxiﬁcation enzyme proﬁle of GSH on third instar
Amsacta albistriga larvae of control, k-cyhalothrin, dichlorvos and
temephos treatments. Enzyme activities are shown as mean (±SD)
values and analyzed by One Way ANOVA (Bonferronii post hoc
test). Asterisk (*) indicates signiﬁcant difference among treatments
with respect to control (P< 0.05).
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Figure 5 Detoxiﬁcation enzyme proﬁle of GST on third instar
Amsacta albistriga larvae of control, k-cyhalothrin, dichlorvos and
temephos treatments. Enzyme activities are shown as mean (±SD)
values and analyzed by One Way ANOVA (Bonferronii post hoc
test). Asterisk (*) indicates signiﬁcant difference among treatments
with respect to control (P< 0.05).
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Figure 6 Native polyacrylamide gel electrophoresis of esterases
isoenzyme in whole body homogenate of third instar A. albistriga
stained with a-napthyl acetate and fast blue BB salt. M: Molecular
marker catalase (120 kDa), bovine serum albumin (67 kDa) and
ovalbumin (43 kDa); L1: control (larva reared for 10 generations
in the laboratory without exposure to any chemical insecticides),
L2: temephos treatment, L3: dichlorvos treatment, L4, k-cyhal-
othrin treatment.3.3. Native PAGE
Native polyacrylamide gel electrophoresis (PAGE) revealed
the presence of three isoenzyme bands designated as E1–E3
(Fig. 6). In dichlorvos treatment, of the three bands, the inten-
sity of 70 kDa band is high as compared k-cyhalothrin treat-
ment, which confer resistance to organophosphate insecticides.4. Discussion
This present study revealed that synthetic pyrethroid showed
higher activity (6.19 ppm) followed by dichlorvos treatment
(1.167 ppm) in Amsacta albistriga larvae. Similar results by
Hassan et al., 2009 reported that synthetic pyrethroid has
Biochemical mechanisms of organophosphate and pyrethroid resistance in red hairy caterpillar Amsacta 51higher toxicity in Helicoverpa armigera larvae as compared
to organophosphate. Metabolic enzymes have signiﬁcant
contribution in xenobiotic detoxiﬁcation in many lepidopteron
insects (Baek et al., 2005). As most of the insecticides are
neurotoxic in nature, targeting insect’s nervous system, acetyl-
choline esterase plays an important role in detoxiﬁcation of
organophosphate and carbamate insecticides by overproduc-
tion of acetylcholine esterase in resistant insects (Byrne and
Toscano, 2001). The modiﬁed AChE, decreased the sensitivity
by inhibition by OP insecticides compared to wild strain had
been studied (Menozzi et al., 2004). Charpentier and Fournier
(2001) reported that there is a positive correlation between
AChE amount and the resistance to OP insecticides. Our result
showed increased acetylcholinesterase activity in pyrethroid
treatment (2 lMmg protein1 min1) compared to organo-
phosphate treatment, though AChE activity increased at
high concentrations in both treatments. Which shows higher
activity can be attributed to insensitivity of AChE to synthetic
pyrethroid and organophosphate insecticides. AChE insensi-
tivity is known to be a dominant feature in resistance insects
(Charpentier and Fournier, 2001).
Esterases have been known to be important detoxiﬁcation
enzymes in several insects like Blattella germanica (Anspaugh
et al., 1994), Culex quinquefasciatus (Sahgal et al., 1994); and
Trichoplusia ni (Ishaaya and Casida, 1980). CarE has been re-
ported to be a major player in biotransformation of xenobiot-
ics (Wu et al., 2004). In resistance insect CarE activity has been
reported to be important resistance mechanism in insects,
which effectively detoxify Organophosphates by hydrolyzing
the ester moiety (Yang et al., 2004; Rossiter et al., 2001). We
found similar result from our study that CarE activity was very
low in pyrethroid treatment then organophosphate treatment.
A higher level of GST has been associated with OP detox-
iﬁcation in several lepidopteron pests, including Helicoverpa
armigera (Yu and Huang, 2000), DBM (Yu, 2002; Rauch
and Nauen, 2003). In our present study GST activity has been
decreased which is unexpected from this study. However in
50 ppm the activity slightly increased in pyrethroid treatment.
Yu (1992) reported that increased activity of GST has been
associated with the OP and pyrethroid resistance in fall army-
worm. GSH activity showed increased activity in organophos-
phate treatment, which was 2 ± 3-fold over the pyrethroid
treatment.
Elevated esterase activity and expression of additional
esterase isozyme have been observed in resistance strains of
H. virescens (Goh et al., 1995); and Boophilus microplus (Bafﬁ
et al., 2005); in Helicoverpa armigera (Srinivas et al., 2004). In
addition there are many reports that decreased number of
bands in pyrethroid resistance strains of Spodoptera litura as
compared to susceptible strains. In our study there was an in-
creased expression of esterase bands and also native PAGE
analysis shows that there is a difference in staining intensity
of esterase band in response to dichlorvos treatment in Ams-
acta albistriga. Based on the result we conclude that pyrethroid
and organophosphate detoxiﬁcation in Amsacta albistriga is
mainly contributed by esterases and AChE complexes revealed
by biochemical analysis and electrophoresis study. Further
studies involving isolation and characterization of esterases
will provide further insight in the functioning of esterases in
OP detoxiﬁcation role.Acknowledgements
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